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S/:7*J§tt8fg*i 0 5Jcov*Ttt, BI 2 & 2 0 l Vm~?zf u y t?lzfot=.V . A 
±\£ > 3 1 CA;i/*#A#£*lT^£jra<Z><^ TFT 2 0 3, 2 0 4 tfagEJi L 

[0 0 3 5] 
[0 0 3 6] 

tf>3 1 lCA#£*lSM#te, NORHSIl 0 4 0>ffi;fr/\ o ;i/* L 
;*T*&3„ NO REI5& 1 0 4 Id*, #Jgtf> N A N D mftfr b (D tfj#/t;i/y<. (jg 1 

|gCE>£/7 h U^**#I&f£UT^Sj{8IR!tt, NOR0SI 10 4 (DKtl^y (D^lT 
tl^JCH i M#^A*$tl, NORHKl 0 4 #£ttL o#-if#ffl*3*lS. - 

LT^&MffllZ. NORHJIgl 0 4©V^-r4x©A*tT>{C 5 bL-o^#*«A*S*l 

ffiCl 0 5©A*t:> 3 1 JCfcfcL o#-£#A;fr3*U «^S$:?i^Tl-So 
[0 0 3 7] 

-v hit. iiaa~»kag*lf©»l©7»;f^S:flJ*tSNANDIS 

105 zmw-r&fc&KDNo Rtmi^ 1 o 4 ^A^stus. n 

2©n-^ Mi, |gk+ l©B~j(5m©a*^0»l ©^y^A^/XSrffi^j-rs 
N A N D ^r^Hf □ ^*ie>tf)N AN DEn&^ffi;^, *g 2 (0:3.:=.*/ h JCgMB 
$tifcb^^>7^ffll^ll 0 5 ZMfflirZ>f=.isb(DNORm9&l 1 O^iiA^J 
S4x*„ ma<D=L=.y hit* *m+iaB~ingii'CO«lffl5«;f^ 
Sffi^tSNANDlKSftS, itie>©NANDim»©ttl±^ ^301- 

y hJcsfiSssnfeu^^s/^^M^aRi 1 3 &fljg*ipi-.sfc#><BNo reiki 1 



1 8 
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[0 0 3 8] 

• »ia@ONANDfflM»ot^6, f klg0NANDffi*it©m 

. norehu o 4icttjia^;i/^*«A^7sn*fe«), zommizmi <d=l- y h 

JC«iK3*lfc*«J®l 0 5 (214*, L SMI fcfB*) ^e>«?SK^«j|&S*lS 
^~NANDHI8tTfH:i#b«!K ^oTNORtUS&l 0 4a©A*^TL 

0 «ifc©i o 5&jgwrf*. 

[0 0 3 9] 

^VMT, k + 1^0(£>N AND»?>A;i/X^ffi*§tl5„ r^k+l^g 
©NAND ®5&&, H2 <D=l~ v MCjRU * <D &tl JiJVX lijg 2 CDnn y h {C 
ilt^tltflilll 1 1 (04*, L S112 £^fB) A^i< NOREIg&l 1 

^^/S/7^lCCZ)*, Hm|gg(DNANDaiijWTbT^li 
, H2C0rL- y htCfcttSS/? h l^X#~N ANDE!i&i;T*tei&fEL&^o t£ 
otNORiHl 1 0a«A*^TL olfiiiftij, «MU 1 1 £MI£r-r£ 

o 

[0 0 4 0] 

1 »NO RSBIS:Mv%-C««gaSi<Z>ft!l»S:ff ^^tCifc^r, i&M&SP#fC(Z) 

[0 0 4 1 ] 

f £ 0 #IC, #02 000-240332, #12 000-249083, #0 
2000-30564 2«ttC|B*©%WlCfeW*, #JfcW^©IStC— fflSOffiMf 
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[0 0 4 2] 

[0 0 4 3] 

[0 0 4 4] 
[0 0 4 5] 

[H^M 1 ] 

H3H *^<z)^s«<oy-^M#i»ffi«&ia»©r*^ S: ^"*'®'^* >s 

o i/7hl/i/1^301, NANDHK3 0 3, /t»;773 04, NORtHS&3 
0 5, >f>A-* 3 0 6, l/^<^/S/7 4tM«iK®3 0 7, U^*/7* 3 0 8, 
mi<D^y^mm3 0 9, mZ(D^yf-mm3 l 0, Hi3 l l*SftC<fc*;*|fft3 

[0 0 4 6] 

tl&H 1 yf^W&NO REIi&lCA^U «SESR©S*f^©ON • OFFH 



2 0 
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[0 0 4 7] 

mmm 2 ] 

mM&m&&zfmmwi x^Lt=.Mmmmzi3vz xy^^^y^mnm^m^ 

u^;^>7^ffli»oNffl^^^m Hi ®^^^ia{^^\(Z)^^ 
^VI/^cdatjcd*^ ^ y^f\zm U A°;t/*<Z>&;i; u ^jij^&Hic j: oTJS;^^£ 
[0 0 4 8] 

Un. -r&;b%NOR|gi&'\cDA;/jlcteN AN D a^^?:fflv^T v^fecD(c*f * 

0 <fc e> £&^„ 

[0 0 4 9] 

N AN DUIS&tCT^a^n £h£ Hutf)^? f>l/ # EI 8 (A) (D % 4 

1 #ON£&oT^£8!||gte, f|l(Z);x- y h (CfcttSH 1 ®.g<DZ/ 7 b 
mT-tZ>$.X*(DfflmX2bZ> 0 Wt^X'%2(D=L-«jb\Z.-&tfZ>. k+l|£g<D£/7 

h l^i/X^(Dai^^;i/^i:, k + l|gg£>S/7 h us;* # <Z>m;frA°;i/X 
VN^iira$:|g^^^i:^ai*-&= Ha (altSmWL. l^a^x) 0i 
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[0 0 5 0] 
[HMM 3 ] 

[0 0 5 1 ] 

^IB££o£o #2li6#aic;J5v^B:, N O Ria»/\©A:ftttl&!i6J£J»fc N 
AND[Sft**e><0ffl:ft^;i/*&JB^*#» ffrlgn-y Mc33tt*«a&©©N AN 
D®8ft^6©m^^;i/^S:NORIlI»tCA**rSii:tCi:oT, U "Ob*/ 7 

[0 0 5 2] 

H7(OlHlBIHfeJ:tJ f 0 8 (B) tC^"T * -f 3 > ^ * - b 5&2CD 
a - y MC&i&;^fcl/'<;W>:7*Jg*«&»7 1 1CDON • OFF &iW»'r«fe 
#)<Z)NOR|ll{&7 l O'xCDA^JJcfcBi"*^ IfrS©:!— -T^cfc**^ 1 © 
3-n y hlCfeWS*»S©N AND®j&7 0 2 N O ROSS 7 0 4 

£: 7 l 0©iat:&iCA:*;3ftTv^. G£oT, NAND0R7 o 2^e>/U^««ffl 

#3ft&#>f 5 >^IC^T&> 1/^^7^11^7 0 5, 7 1 Uifc%lCO 
[0 0 5 3] 

*>f 5 yf^-v- b±~ZMW~?Z>o H 1 ©^--^ hJca3tt***N£©N AND 

NANDffiTJli, N ANDffi*k+ 1 fcSB3*l"t V%S. lit*. NANDffiTJk 
tt, S&KBlL-y HCfcWS UOl/2/7*JB«8fe«7 0 5 ©ON • OFFSfflU 
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-T££#)(DNORISi&7 0 4 t, ^2 0)3-— v MC£tf£ W<)1 >> 7 # PSn^U 
7 1 10ON • OFF ScftUW^S £#>©N O RHIS& 7 1 0 £: ©H^^iCA^J $ 
• fetb. l/^l/>>7^iSl7 0 5, 7 1 1 tefcfcfCONCDttJHfc&S. ffiffctf 

l^b<x) fib + 1 ©rL-y hxz>*^®#i: 

ff e>- 3(Z) J:o(CbT, §&B£M2 tltm&ZJjmz&^T. M7&Lf=.SVlX<DM 

[0 0 5 4] 

*y hlSI©ifrf1sJcJ3^T, Iff®:*— v h 0>*»® 5 
<, -£<E>tffitf) A J: -5 iC LT^mv^ 

[0 0 5 5] 

*»^©^«S(Z)iiiF3R»i:-e©Miatcaawe>n««g»iaM&as 

(v-xm#i?&Mifr[iJi&, ^- h^K»{M«gMfliI») e&TFT&HBSMtMK-*- 
[0 0 5 6] 

EI11 (A) &#flgl*-£o £1*, *Hi^T*tt3-- 7 0 5 9i/5 

i 7 3 i u^xtmztzftmzti&Av ?A/ft?>r-f^#^x, *fetir;i/ 

[0 0 5 7] 
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nmBm-frbf&zTMms 002 zm&^z. ^mmxitrmms 0 0 2 1 l 

^X%^\ Ti$]g|5 0 0 2<Z) 1 JSBi: ^7XYCVDS5:iK Si 

H 4 , NH 3< J5tt>*N 2 0$:>S/^^^^ LT^$tlSM^b^mm5 0 0 1 a 
& 1 0-2 0 0 [nm] L< &5 0-100 [nm] ) m^^. ^H^MT'te, 

jrj?5 o [nm] (Dmitmimmm 5 002a oMits 1 = 32 [%], 0 = 271 

%K N=2 4[%], H=17[%]) £JMU£ 0 tfCV^Tf, Til5 0 0 2©2 
JfB^LTte, ^7X?CVD^5:i^, SiH 4 , &t>*N 2 0 fcM^X £ IT 
JfcffllSfl SMft-fl:Sfl:S3ltJK5 0 0 2 b|50~2 0 0 [nm] 0< « 100- 

1 5 0 [nm]) ©J¥${C^jS0^1-^>o ^HJfiflfTtt, if 100 [nm] ©Mfc-ftMft; 
3££lg 5 0 0 2 b (jffl^Jt S i = 3 2 [%] , O = 5 9 [%] % N = 7 [%] , H = 2 

[%]) Sr^bfc. 
[0 0 5 8] 

<s^t*, rmm±iz^mi^m 5003-5006 *Mf&-tz> 0 ¥m#-m 500 
3-5 0 0 6&, &&$tm&$:m't&¥m{*tRZ£im<7)^m. u^>y^& lp 

„ Ifflfi#l5 0 0 3~5 0 0 6(t 2 5 — 8 0 [nm] (^Ib<li30~60 
[nm]) CDUS^jStS. jteS*¥##K<B#*4fc:l8)£l±fc L.< 1*31 
3! (>>U n>) Sfeiii/U ( S i X G e 1-x (X = 0 . 0 0 0 1 

-0. 0 2) ) &&&Z'T*m&.'t&t.&^. *HiiTit ^7X7CVDffi& 
«V*, 5 5 [n«]<D#g«J£5RR&j£KLfc«, l-^Jl/^^M&Miai 

j»±tci»^s*fc. ^©^sR^JKtcfltt*^ (5oo[ic], imm) £*To 
(5 5 0(10], 4&m) srtfvv se>»c*§a^s:*#-r*fc«)© 

l/-f-7--;«$:lToT^ B iaiI5:Mbfe. fit, ^©IglSS 
5 0 0 3~5 0 0 6 MLfc. 
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[0 0 5 9] 

5 0 0 3 — 5 0 0 6 T FTCbt^ttSIWflt 

[0 0 6 0] 

*feti5tiK^SE<Z)x^2/ ^L/-if-^Y AG U-if-, Y V 0 4 U-if- Srffl 

tt $ *i fc v - if - % * %^?kx*mmzm% v *mfom izm$i -r & ism & m v ^ & t. 
m^^m-kit^jv^mmmm^s o [hz] ^ u u— if-x*;i/^-t&&«: ioo 

— 4 0 0 [mj/cm 2 ] (f^^C&2 0 0 — 3 0 0 [mj/cm 2 ]) £i-£ c * fe, YAGl/ 
-if-$:fflV^S^^Ctt^©^2^^g$:ffl^^/^ 0 ;l/^|§^gM?«l~l 0 kHz 
£U l/-if-X^;b^-^S% 3 0 0 — 6 0 0 [mj/cm 2 ] (f^#J&C&3 5 0 

— 5 0 0 [mj/cm 2 ] ) il&V^ ^ U Tflg 1 0 0 — 1 0 0 0 [ fi n] , MAtf4 0 

U-if-^^Mfe#fci±^ (tf-A-^y ^) £ 5 0 — 9 0 [%] £ UT*T*J£ 
J: V*. 

[0 0 6 1 ] 

#C^T% 003-5006 £^e>>F- h«fi»JK5 0 0 7 

= hlfi8iR5 0 0 7l±^5X7CVDjS* ^iSSMK ^££4 

0-15 0 [nm] £ Ltai.&^tfillt^tS. #HMT*te. ^X7C 
VD&lCJ: »J 1 1 0 [nm] ©JSS ^KftSftSaRR (ffifiKJt S i = 3 2 [%K 0 = 
5 9[%], N=7[%], H=2[%]) 4*- h«M*lR 5 0 0 7 

[0 0 6 2] 

SMtSlRlK&JB^ ^XTCVD^TEOS (Tetraeth 

yl Orthosilicate) £: C> 2 £ fi/S£E* 4 0 [Pa] , 1MI3 0 0-4 

0 0 [TC] £ U ifif^rSt ( 1 3. 5 6 [MHz] ) %j]&m 0 . 5-0. 8 [W/cm 2 ] X*~&L 
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1400-500 [ 0 c](Z)^T--;i/C<k hSfi8iK£ LtSffft^ttSffs 

- 

[0 0 6 3] 

iSK^T*, hiiI5 0 0 7_tlC^j¥2 0-100 [nm] <Df$ 1 5 0 

0 8fc, If 1 0 0 ~ 4 0 0 N 2 ©^11 5 0 0 9 i: ?:tI^^tSo # 
mffiWXte, 0 [nm]tf)T aN^^^il ®^tl5 0 0 7 fc, If3 

7 0 [nm]©WJK^e>«S*»2©#mjR5 0 0 8 &«Uf7gJifc Life. T a NfflEti^A 

»;fl:f>^f> (WF 6 ) Zm^2>MCVDmvm&?2>Z.£. : bT*gZ> 0 ^-f 
tWCLTW- Nttt LT&MVsfe&Kliffi«ffift&B£#S#a&*K WIS 
<B&#l*5tt2 0 [/i Q cm] ilk~FiZ'i'£> 3 ilifilg.t. LV> 0 Wmi$%£M,n*:*g< Z> 

rt^t^S^ WlRtfilcBftSR'&if<0^j|ii|Sfe7CiR* ? #'V^ 

S9 9. 9 9 9 9 [%]) <D*->f V h £M ^ £ # &T% 3 JC^JR^fCjJ, 

ffl * a* ^ © ^wvaoym v * j: e> tc -t^iHj&t u r wi & jgj* -r s &c j: u , 

«#l3S9~2 0 [it* Qcm] &^J£f £ 3 fe„ 
[0064] 

^HMT'li, f 10itl5OO8?:TaN, ^2ffl#H5 0 0 9 
&Wfcl/fc#, ^iCPI^^tlT, V^ftfcTa, W, Ti, Mo, Al, Cu, 

IIS^RK^Cf^*S^^*^#^WSSfl§V^T*J:V^ 0 Ag, Pd, Cu#e>& 

ii'tsjifl*^*)-*, m i <Dmm&&3iit* y * & (TaN) html, 312© 

ttl&AllifSl^t, f 10iti$:TaNlT'MU ^2©^ 
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[0 0 6 5] 

#cfc Bill (B) izB^&olzy* b U W^yjm&m^x Ui/x bfrb 

- tsL%>^7.>7 5010 zm&L. mM%.z$mm*Bf&-t &tL&>(Dm i o^y^y? 

^HISMTttlg 1 (D^v?-y fgiiHl It, I CP (Inductively Coupled Pi 
asma : mm^M? ^ X*?) xy^> y&fc/gv^ x-yf >^I^CC F 4 t 
C 1 2 £0 2 £Zmi<K tn^tKDJS^WL-MzltZ: 2 5/2 5/ 1 0 [seem] £ U 1 
[Pa] CDffiijt=I-r ;L/§tfCD*1itC 5 0 0 [W] <DR F (13. 5 6 [MHz] ) m±f 
ALT^^X^Zg.f&LT^v^ytfZft-Dfr, Ht'll t£T*3§S!ll (80 
m<Z> I C P £fflv\£ xy^^^ff (Model E645-DICP) £M 

V^£ 0 mfaM i&nXT-iJ) C=fel 5 0 [WIORF (13. 56 [MHz] ) 

mzizvwmz^v^yyLxminmmmnmvitT-rt-mvtii-tZo mi 

(D3iy?-y trgtftX*(DWlZtt-fZ> 3Ly?-y T&mtZ 0 0. 3 9 [nm/min.h T 
a NiC#f1-£x>y 8 0. 3 2 [nm/min.] T*& TaN{C*ff£W 

£>»Ufctt,ftj2. 5T'fe5. <DXy^>^#fCj;oT, Wtf)^ 

[0 0 6 6] 

Z\(D%l, Hill (B) fC^fJ^tCl^* h^^j:S7^? 5 0 1 0 
-?\zm2(DiLy3-y>f3kmzMz-. ^y^y^m^xizcF A tc l 2 i:$:fflv^, 

•?-ft-?ft©#*Sfc*J£& 3 0/3 0 [seem] £ U 1 [Pa] CDffiijT' 3 ^ ;i/M<Z>®fi 
iC5OO[W]0RF (13. 56 [MHz] ) t^]$:tAlt^7X7?:4^btll 
3 OfPmm&^V^yyZft ofc 0 ££fflf (tm*"T— S>) JC.fc2 0[W]©RF 
(13. 5 6 [MHz] ) |ij?:iAU ^^(c^<7) g B A-f T^.«JE §:TO-r-S 
0 C F A £C l 2 *m&Lt=.m2<D3iy?-yy3kftVi*wmjkT$T a NBIi: ISJig 

mizx. v 1- y n*. ^2©i«yf> -e©wjc*f s x y > ^it^ii 

5 8. 9 7 [nm/min.], T a N lZft-?£ X y ^ > ^ji^li 6 6 . 4 3 [nm/min.] T* 
0-20 [%]gM©fJ-a-T*x^^>^^W$:itMS-&5il^VN 0 



2 7 
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[0 0 6 7] 

(BSMtJ*** *>JER5^ 1 ©E^©*** 5011 — 5015 1 (Dmnm 5 0 1 
la — 5015a £H2<Z)#*JS 5 011b — 5015b) -5 0 h 

M5 0 0 7 JCfc^Ttt, ^ 1 <D}&fta>mnM 5011 — 5015 T*mt>tll£ 

v^««2 0-50 Niiii»f>^sni<fi!t)feiB«Maft4. 

[0 0 6 8] 

¥^&MlCnM£tf^S^M^ifi£Ml-r£ (0 5 (B) ) . K-tf>^ 

mt 1X10 13 ~ 5 X 1 0 15 [atoms/cm 2 ] L/, *0it«ffi & 60 — 

10 0 [keV] ZLXfto. \* K->C*& 1 . 5 X 1 0 15 [atoms/cm 2 ] £ 

U M*JE& 8 0 [keV] i: LTff o£„ n M S^MfTtiH £ bT 1 5 

ajstcM-tSTciR. JSMWCttU > (P) *fcfcMH;3R (As) fctf^sa^ rri? 

JiU > (P) SrMV^fc. jg 1 0>7fMK0>3*«M 501 1 — 5015 #n 

M&##*£**fi4&7fcilllC>tf"*- £ ? i: & U , Hi BSIl^Cflfr^*M#>« 
5016 — 5019 tfEMSSft-S. KflRfi^3l*4*ia*c 5 016 — 5019 {Ctt 1 
X 1 0 20 — 1 X 1 0 21 [atoms/cm 3 ] OlOTt'nI&##t -S^iK&TGSt £8* 

[0 0 6 9] 

&^T*, Efll (C) IZm-r £olZlsi/X hfr&fcST** lc||2 
©xy^:/if«LJI&fT'5. X^y^V^ffi^^lCC F 4 hC 1 2 il0 2 i: 

&J§V\ -€-*i-?*l©^^«Sait«: 2 0/2 0/2 0 [seem] £ U 1 [Pa] COJEE^Tr 
3-r;b§Ha)«^{C 5 0 0 [W] ©R F (13. 5 6 [MHz] ) mjj&WlALX?^ X 
Ti^lTiyf-V^&fTofe. I£«cflr Ct20 [W]©RF 

(13. 5 6 [MHz] ) «;fr£:&AU lUftlfttC A© S B^-f 7 £ 
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. $52 ©X>y^>^3"e<Z)WlC>tff£Xy 1 2 4 . 6 2 [nm/min. 

], T a N{C^f-rSoi»y^>yiiSli2 0. 6 7 [nm/min.] T?& y , Tamc^fl" 

sw©MM6. 0 5T'$,s„ t^oT, wjR#»lRWfc:x«y*>ys*is. r 

0f 20X«yf >^(:<l:'JW(Z)f-A-#{i7 0 c h&o£o I0^2(DX^f 
J: 'Jl20itl5 0 2 0 b~5 0 2 4 b — Hi <Z> 

«SI5 011a~5015ate, « £ ^t'x y ^ > ^ $ H 1 5 

0 2 0 a~5 0 2 4 aMt§. 
[0 0 7 0] 

tk^T*. !2©F-lf>^l^lf9. K-t^>^2©#il5 0 2 0 b 
~5 0 2 4 b Z^MyHTbmiZtt-tZrrxZ £ ITIW Il©#tIOf-A- 

^M^7t:^i:LTP (U» K-Xil. 5 X 1 0 14 [atoms/cm 2 ] 

, Wfcfegf&O. 5[/t-A], ilU6*jBfc9 0 [keV] JCT^^XvK-tr^^SrfTofc. 
3-9 It, Hi ©£«SfcMfcSffi»£*iW4&1E«5 0 2 5-5 0 2 8 5:631 

■^WtC^fS. r0liS^l«It5 0 2 5-5 0 2 8 A»$tife'J > ( 
P) <Dmmt. 1 X 1 0 17 ~ 5 X 1 0 18 [atoms/cm 3 ] T&U, f l©#t 

ISS^««^(5 0 1 6-5 0 1 9 ICfc^jffiflf^aRtf^flDS 
ix« (EI 1 2 (A) ) 0 
[0 0 7 1 ] 

#^T% Hfl 2 (B) tC^-T <fc bi/'^ hfr£&£VX# £Bfc£LT;fr£7 
* h U y^^-T^M^T, m$(D^V?-y>f$m*:fi *> a ZKZ>3! 3 ©x y ^- 

JDctCte, Ui;^h 5 0 2 9^f,^§7X^^^t§„ 
[0 0 7 2] 

H3 ©xy^y&JSKfcttSxy^^ttW:, x>yf>mi:bTC 1 

2 9 2001-3071659 
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2 £ s f 6 ££/b^, ?n?nc>rtx%imstz 1 0/5 0 [sccm]iimisi;i 

• y?$imT*(DT aNl,Ztt~rZ>^y?-y'!f&mZ. 111. 2 [nm/min.] T?& U , 
MMi#JKlCjtif'r-SX^^->y5«ffitt, 12. 8 [nm/min.] 
[0 0 7 3] 

*mmmT*lt. l. 3 [Pa](Z)jEij-e:3-f;i/§S[tf>*filC5 OO[W]0RF (13 
. 5 6 [MHz]) SA&aAL/T^5^Ti4fi8bTi»yf >^&ffofe. 
mm^T-i?) JC%»10[W]©RF (13. 5 6 [MHz] ) «±r£g:AU ^« 

5 0 3 2 a 3^^JSJ5S*l-B- 
[0 0 7 4] 

±U«3fflX?;fvyiCJ:ot, ^l©flf5 0 3 0 a~5 0 3 2 a £fi& 
£&V^M4M*§!c (LDD|H%!e) 5 0 3 3-5 0 3 4«$HS. 
SfoffiR (GO L Dfl^) 5025, 5 0 2 8 j& 1 5 0 2 0 a, 50 

2 4a fc-£*l-£*lM&ofc**T?&S. 
[0 0 7 5] 

3©j:e)icuT, *mmmiz. mivmmmtmtebte^mmm® (ldd 

5033-5034 Hi ©Itl^I^S^W (GOLDfft. 
) 5 0 2 5, 5 0 2 8 &fHH?JCJgJ&"rS££#T?£, TFTffffit;gI3fe#^ 

[0 0 7 6] 

7£V^T*, US?* h^£fc£v**fcl»SLfclfU ^-Hft*R5 0 0 7S:x-; 

, SffittW (RIE&) SrJSV^fT^. *^J6ffilT?li, ^-V> 
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